Abdominal surgery with ketamine -muscle relaxant-air anaesthesia with various premedicants is described. The operating conditions were satisfactory by comparison with conventional methods of anaesthesia. The technique has much to offer in remote areas where sophisticated anaesthetic apparatus and compressed gases may not be available.
Many problems face anaesthetists in the developing countries, among which are the lack of, or irregular supplies of, compressed medical gases which have to be transported from overseas. Even the major medical centres often run out of either oxygen or nitrous oxide for weeks and during this period either regional anaesthetics are employed or major abdominal surgery is postponed. In the search for a satisfactory technique of general anaesthesia for major surgery in the absence of compressed gases, a technique of ketamine -muscle relaxant -air anaesthesia has been assessed.
METHODS
One hundred and thirty-five adult Nigerians undergoing major abdominal surgery were studied. The indications for surgery are shown in table I. The patients were grouped into seven categories according to the types of premedicants given (table IT) . Atropine was given to all patients in order to reduce the excessive salivation caused by ketamine. Premedication was given intravenously about 15 minutes prior to induction of anaesthesia in the dosage shown in table II. Anaesthesia was induced with ketamine, 2 mg/kg body weight intravenously, followed by suxamethonium bromide (40 mg) to facilitate endotracheal intubation. The lungs were inflated with air using an Ambu bag to which was attached a Ruben valve. Abdominal relaxation was achieved with intravenous pancuronium 0.1 mg/kg body weight; supplementary doses of pancuronium (1-2 mg) were given when indicated. The first intramuscular dose of ketamine (10 mg/kg body weight) was given into the vastus lateralis muscle prior to the commencement of surgery, usually within 15 minutes of the intravenous injection, and supplementary doses of 5 mg/kg body weight were given i.m. at 30-minute intervals during surgery. No ketamine was given during the last 30 minutes of surgery. The lungs were ventilated with air at a minute volume of between 8 and 10 l./min. A Wright respirometer placed at the expiratory side of the Ruben valve was used to measure the expired minute volume. In 15 patients over the age of 45 years oxygen was introduced through the oxygen inlet of the Ambu bag at a flow rate of 1 l./min for 15 min, and then at 2 l./min for a further 15 min. The residual effect of pancuronium was antagonized at the end of the operation with an intravenous injection of neostigmine 2.5-3.5 mg preceded by atropine sulphate 1.2 mg. Blood and other intravenous fluid infusions were given as required during and after surgery.
The following clinical observations were made: the induction characteristics, the pulse rate and arterial pressure (using a pulse monitor and pneumatic cuff respectively), the recovery time, and the frequency and severity of emergence upset. Capillary blood samples were obtained in 15 patients over the age of 45 years at the times shown in table V to determine changes in arterial oxygen tension during and after anaesthesia and surgery. Twenty-four hours later the patients were visited and questioned for evidence of awareness or dreams during anaesthesia. Table I shows that all the patients were scheduled for either upper or lower abdominal surgery. The mean duration of anaesthesia was 48 min (range 35-180 min), and the mean duration of surgery was 43 min (range 30-160 min). the groups of patients were comparable with respect to age and weight.
RESULTS
Following the initial dose of intravenous ketamine, there was a fairly rapid loss of consciousness without evidence of hypertonus in any of the patients. Thirty per cent of the patients in group I and 10% in group II showed some degree of excitement during the induction of anaesthesia. Some of these patients muttered words such as "I am going", "Oh no!", " Doctor, my head is turning". However, the overall course of induction was smooth. Ketamine did not appear to affect the duration and degree of muscle relaxation produced by suxamethonium. Table HI shows the major changes in arterial pressure and pulse rate. In the majority of patients, there was a slight increase of between 10 and 20 mm Hg in systolic pressure. However, 60% of patients in group I had a mean increase of between 20 and 30 mm Hg. Increases of up to 40 mm Hg were recorded in a small number of patients in the groups who did not receive haloperidol premedication. For example, in one man in group II the systolic arterial pressure increased from 140 to 200 mm Hg and this was reversed with 5 mg of haloperidol. During surgery, arterial pressure was reasonably stable and there were only minor increases in pulse rate.
Recovery from anaesthesia was rapid in the majority of patients; most responded to verbal commands within 5 min of the injection of neostigmine. However, none of these patients was aware of his environment during this period. In 6 patients (4.4%) the response to verbal commands was slower but all had regained consciousness within 15 min. Over all the recovery was uncomplicated and no patient showed severe emergence upset in any of the groups. One patient in each of the groups II, HI, V, and VII showed mild upset but in groups I and IV the incidence was 16% and 15% respectively. However, these patients were effectively sedated with pethidine 75 -1,00 mg given intramuscularly. Table V shows the blood-gas measurements. There was a slight increase in the oxygen tension during artificial ventilation with air. At a flow of oxygen of 2 l./min, the blood-oxygen tension rose significantly (r=4.58; P<0.001). The values obtained at 60 minutes after anaesthesia showed a higher oxygen tension than the pre-anaesthetic levels.
Two patients in group I had dreams which were reported as being not unpleasant. One patient in group III, 4 patients (20%) in group I, and 7 (35%) in group II were uncertain about dreaming (table IV). All the patients in groups IV, V, VI and VII had no dreams. One patient in group II had a definite recall of part of a conversation between the anaesthetist and the surgeon during surgery. However, she did not suffer pain. Two patients in group I gave evidence of possible awareness.
The conditions of the five babies born by Caesarean section were judged excellent with high mean Apgar scores of 7.6 (range 7-8). However, all babies were considered to be in good condition prior to anaesthesia.
DISCUSSION
The problem of providing satisfactory anaesthesia for surgery in the developing countries has always been a challenge to anaesdietists and many techniques have been tried and reported (Farman, Gool and Scott, 1962; Gool and Clarke, 1964; Boulton and Cole, 1968; Phillips et al., 1970) .
The essential requirements of good general anaesthesia for abdominal surgery (narcosis, muscle relaxation and freedom from harmful reflex responses to the trauma of operation) have been met in the technique now reported. It has been found satisfactory, judging from the low frequency of dreams and awareness. The induction of anaesthesia was smooth in patients who were premedicated adequately and recovery from anaesthesia was fairly rapid and uncomplicated by restlessness and hallucination. Ketamine produces profound analgesia under light narcosis (Corssen and Domino 1966; Kreuschcr and Gauch 1967; Virtue et al., 1967; Stanley et al., 1968) . Unpublished observations in this department have shown that following the intramuscular injection of a single dose of ketamine 5-10 mg/kg body weight, the average duration of surgical anaesthesia for superficial surgery was 30 minutes. Phillips et al. (1970) reported an average duration of 28 minutes (range 15-62 min). The riming of the supplementary doses of ketamine in the present study was based on these observations and the low incidence of definite awareness (2.2%) suggests that narcosis is nearly adequate with this regime.
The technique described has much to commend it in difficult situations such as in the absence of compressed gases or vaporizers. The items of anaesthetic equipment required are simple. These are face masks, laryngoscopes, endotracheal tubes, suction apparatus, and a sphygmomanometer. A small cylinder of oxygen, if available, is a useful addition for special cases. All these items can be packed in a portable resuscitation bag.
The induction of anaesthesia was satisfactory although 8 patients from groups I and II were apprehensive and talkative during induction. This could be attributed to inadequate sedation, the personality of the individual, fear, or the effect of ketamine. Aldiough the speed of onset of action of ketamine was not assessed directly, it was observed to be less rapid than with thiopentone. This might also account for the disturbance in some patients especially in the absence of adequate sedation.
The arterial pressure increased in all the patients but the increase was less marked following premedication with opiates and least after haloperidol. Bovill and his colleagues (1971) and Kelman and Kennedy (1970) observed that the rise in blood pressure was more marked with ketamine-pancuronium anaesdiesia than with ketamine alone. Kelman and Kennedy (1970) ascribed this effect to the cardiac stimulant action of the relaxant. The intravenous injection of haloperidol 5 mg effectively reduced the blood pressure of a patient with a marked hypertensive reaction to ketamine-pancuronium anaesthesia in this study. Bovill et al. (1970) observed that opiate and hyoscine premedication reduced the blood pressure more effectively than droperidol and mixtures containing droperidol. Therefore, they suggested the use of opiate and hyoscine premedication in a moderately hypertensive patient about to have ketamine anaesthesia. Haloperidol might be added to the list of drugs that could minimize the hypertensive effect of ketamine-pancuronium anaesthesia in moderately hypertensive patients.
The overall incidence of delay in awakening time (longer than 5 minutes) was 4.4%. Rapid awaken-ing might be due to the rapid breakdown of ketamine and the adequate riming and dose of the supplementary injections. These factors might also be responsible for the low incidence of dreams and awareness in the patients who were premedicated adequately.
Twenty per cent of the patients in group I and 15% in group IV had mild emergence disturbance which was treated with pethidine 75-100 mg injected intravenously after operation. This mild restlessness was attributed to a rapid onset of recovery and pain. Its frequency was less in the groups who had received an analgesic before operation. From this, it would appear that premedication with an opiate or haloperidol could be omitted without incurring the more serious side effects such as emergence upset and awareness.
While it must be stressed that this technique is not intended to be used in place of the more conventional methods, it would appear to offer an alternative to other conventional methods in adverse circumstances such as in surgery in the absence of standard anaesthetic equipment (compressed gases, anaesthetic machines), at the site of major accidents and in remote areas.
